Relationship of the long thoracic nerve to the scapular tip: An aid to prevention of proximal nerve injury  by Salazar, Jorge D. et al.
960
guidelines to aid in the prevention of proximal LTN
injuries. 
Patients and methods
Eighteen fresh adult cadavers provided by the Maryland
State Anatomy Board were studied, of which 7 were male and
11 were female. Each cadaver was placed in the lateral decu-
bitus position without table flexion, and the ipsilateral elbow
flexed and the arm extended overhead to simulate positioning
for a standard transaxillary incision. A vertical skin incision
was made in the posterior axillary line. The dissection was
carried down to the medial edge of the latissimus dorsi
muscle, which was retracted posteriorly to expose the serratus
anterior muscle. The LTN was identified on the surface of
the serratus anterior muscle. The scapular tip and anterior
scapular border were identified but not skeletonized, thus pre-
serving normal anatomic relationships. The distance from
the scapular tip to the LTN was measured and recorded
(Fig 1). Additional measurements were made and recorded
from the LTN to the anterior scapular border cephalad to the
scapular tip at 2-cm intervals. The ipsilateral arm was then
extended forward, as for standard posterolateral thoracotomy
positioning. This rotated the scapula anteriorly closer to the
LTN, which remained in a fixed position on the chest wall.
D enervation of the serratus anterior muscle fromproximal long thoracic nerve (LTN) injury results
in loss of scapular tip stabilization, or “winged scapu-
la.” This injury results in prolonged disability for the
patient,1,2 and potential medicolegal concerns for the
physician. For thoracic surgeons, the LTN is at risk for
proximal injury during transaxillary thoracotomy,3,4
video-thoracoscopy port insertion, first rib resection,
and chest tube placement. The purpose of this study was
to map the course of the LTN relative to the scapular tip
and the anterior scapular border, thereby developing
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The same measurements were repeated and recorded. Trans-
axillary and posteroloateral thoracotomy positioning mea-
surements were performed bilaterally on all cadavers, except
one male right axilla and one female left axilla, which were
excluded because of a previous operation.
All measurements were tabulated; then the mean, standard
deviation, and 99% confidence intervals for each position
were calculated. 
Results
Thirty-four axillae from 18 fresh cadavers underwent
dissection and measurements. Table I displays the
results for transaxillary thoracotomy positioning. The
mean distance, standard deviation, upper bound of the
99% confidence interval, and outer value of the range of
measurements were recorded. All distances are in cen-
timeters and reflect the distance measured transversely
from the anterior scapular border to the LTN.
Measurements were made from the scapular “tip” and at
2 cm intervals along the anterior scapular border cepha-
lad from the scapular tip. The data are presented by
gender and side. For male cadavers in the transaxillary
thoracotomy position, the left LTN courses a mean dis-
tance of 4.9 cm (range, 3.2-7.0 cm) anterior to the left
scapular tip; the right LTN courses a mean distance of
5.2 cm (range, 3.7-7.5 cm) anterior to the right scapular
tip. For female cadavers in the transaxillary thoracoto-
my position, the left LTN courses a mean distance of 4.3
cm (range, 3.0-5.0 cm) anterior to the left scapular tip;
the right LTN courses a mean distance of 4.7 cm (range,
3.0-6.0 cm) anterior to the right scapular tip.
Table II displays the results for posterolateral thoraco-
tomy positioning. For male cadavers in the posterolater-
al thoracotomy position, the left LTN courses a mean
distance of 3.1 cm (range, 1.5-6.0 cm) anterior to the left
scapular tip; the right LTN courses a mean distance of
4.5 cm (range, 3.5-5.1 cm) anterior to the right scapular
tip. For female cadavers in the posterolateral thoracoto-
my position, the left LTN courses a mean distance of 3.2
cm (range, 2.0-4.5 cm) anterior to the left scapular tip;
the right LTN courses a mean distance of 3.8 cm (range,
2.0-5.5 cm) anterior to the right scapular tip. 
Discussion
Loss of scapular tip fixation results in shoulder desta-
bilization, which has been referred to as alar scapula5
Fig l. Each cadaver was placed in the lateral decubitus position with the ipsilateral arm positioned as for a pos-
terolateral thoracotomy (left) and transaxillary thoracotomy (right). The ribs are labeled, and the distance from
the anterior scapular border to the LTN is shaded.
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or winged scapula. Winged scapula may result from
either traumatic disruption of the serratus anterior mus-
cle at its scapular insertion site or paralysis of the ser-
ratus anterior muscle as the result of LTN injury. After
an extensive literature review, Prescott and Zollinger5
concluded that winged scapula is most commonly a
result of LTN injury. Before the proliferation of open
thoracotomy techniques, most LTN injury resulted
from nerve pinching between the coracoid process and
the first or second rib as the result of patient position-
ing (especially while anesthetized), trauma, or lifting
heavy objects.5-7 Many of these cases of winged scapu-
la resolved with shoulder immobilization followed by
physical therapy. In contrast, current studies indicate
that LTN injury results in both significant and chronic
disability. Kauppila and Vastamaki1 followed the long-
term outcome in 26 patients with iatrogenic LTN
injury. Despite extensive therapy, all but one patient
had residual long-term symptoms. Long-term disabili-
ty included loss of ability to pull or lift objects in 81%
of patients, inability to play sports in 58% of patients,
and failure to work with their hands above shoulder
level in 54% of patients. It is the chronic nature of
LTN-injury disability along with its adverse impact on
quality of life and work that leads some patients to sub-
ject the events leading to LTN injury to legal review.
LTN injury has been reported after radiotherapy,8
trauma, patient positioning,5-7 transaxillary breast aug-
mentation,9 implantation of transvenous leads,10 anes-
thetic nerve blocks, and transaxillary incisions.1,4
Whereas the disability associated with winged scapula
is well documented, the exact incidence is not.
Kauppila and Vastamaki,1 in a review of 197 cases,
found an iatrogenic cause of LTN injury in 16% of the
cases. Surgical and anesthetic injuries accounted for
69% and 31% of cases, respectively, in their series.
Whereas large series of transaxillary incisions have
been reported without LTN injury,11-13 Wood and
Table I. Transaxillary thoracotomy positioning
Left Right
“Tip” 2 4 6 “Tip” 2 4 6
Male
Mean 4.9 4.0 3.5 3.3 5.2 4.4 4.1 3.2
SD 1.2 0.8 0.9 0.7 1.3 1.1 1.1 1.5
99% CI 6.0 4.9 4.4 4.0 6.4 5.5 5.1 4.7
Outer range 7.0 5.0 5.0 4.2 7.5 6.0 6.0 6.0
Female
Mean 4.3 3.5 3.1 2.8 4.7 4.0 3.3 2.7
SD 0.7 0.8 0.7 0.6 1.0 1.0 1.1 1.4
99% CI 4.9 4.1 3.6 3.3 5.4 4.8 4.2 3.8
Outer range 5.0 5.0 4.0 3.5 6.0 5.5 4.5 4.0
All distances are in centimeters and reflect the distance measured transversely
from the anterior scapular border to the LTN. Measurements were made at the
scapular “tip” and at 2-cm intervals along the anterior scapular border cepha-
lad from the scapular tip. SD, Standard deviation; 99% CI, upper bound of the
99% confidence interval for the mean; outer range, outer value of the range of
measurements.
Table II. Posterolateral thoracotomy positioning
Left Right
“Tip” 2 4 6 “Tip” 2 4 6
Male
Mean 3.1 2.6 2.4 2.4 4.5 3.5 3.1 2.5
SD 1.6 1.2 1.2 1.2 0.6 0.8 0.5 0.9
99% CI 4.6 3.8 3.5 3.5 5.1 4.2 3.6 3.4
Outer range 6.0 4.5 4.0 4.0 5.1 4.5 3.8 3.5
Female
Mean 3.2 2.8 2.5 2.3 3.8 3.4 2.8 2.2
SD 0.8 1.1 0.8 0.4 1.1 1.0 1.3 1.1
99% CI 3.8 3.7 3.1 2.6 4.7 4.1 3.8 3.1
Outer range 4.5 4.5 3.7 3.0 5.5 5.0 4.5 4.0
All distances are in centimeters and reflect the distance measured transversely
from the anterior scapular border to the LTN. Measurements were made at the
scapular “tip” and at 2-cm intervals along the anterior scapular border cepha-
lad from the scapular tip. SD, Standard deviation; 99% CI, upper bound of the
99% confidence interval for the mean; outer range, outer value of the range of
measurements.
Fig 2. The serratus anterior is anatomically divided into 2
components, an upper division in which the muscular slips
insert individually onto the scapula and a lower division, the
muscular slips of which converge posteriorly in a tendon that
inserts to the scapular tip.
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Frykman4 found LTN injury to be the second most
common complication of first rib resection after pneu-
mothorax. In their series it accounted for 12.5% of
postoperative complications. Bardy and associates10
had one transient LTN paralysis (2.4%) after insertion
of transvenous cardioverter-defibrillators. Standard
posterolateral thoracotomy incisions divide the serratus
muscle low enough that the lower serratus unit is still
functionally intact and the scapular tip remains stabi-
lized. Incisional techniques that spare the serratus ante-
rior muscle also protect the LTN. Iatrogenic LTN injury
is not common but undoubtedly occurs more commonly
than is reported.
Thoracic surgeons now have a wide range of incisional
options to choose from, including standard and muscle-
sparing thoracotomies, thoracoscopy, video-assisted tho-
racic surgerical techniques, and minithoracotomies (such
as the transaxillary incision). Thoracotomy incisions
cephalad to the scapular tip, including port sites, are at
risk for iatrogenic proximal LTN injury and winged
scapula. The objective of this study was to develop clini-
cally applicable guidelines to aid in the prevention of
iatrogenic proximal LTN injuries. By mapping the course
of the LTN relative to the scapula, the landmark most
commonly used to orient standard thoracotomy incisions,
we believe that we have developed a quick and clinically
useful method to minimize the risk of LTN injury.
The LTN is a branch of the cervical plexus emanating
from cervical roots.5-7 The nerve passes behind the
brachial plexus to enter the axilla where it then courses
inferiorly onto the surface of the serratus anterior mus-
cle.14,15 The serratus anterior muscle has fleshy muscle
slips originating from the upper 8 or 9 ribs anteriorly and
inserting along the entire medial aspect of the scapula
posteriorly. The muscular portion from ribs 1 to 3 form
a less cohesive muscular unit that inserts diffusely along
the medial aspect of the upper scapula. However, the
muscular slips originating from ribs 4 to 9 converge pos-
teriorly as a tendon that inserts onto the scapular tip (Fig
2). The serratus anterior muscle is therefore anatomical-
ly divided into 2 components, an upper part in which the
muscular slips function individually and a lower part that
functions as a cohesive unit to stabilize the scapular tip.
The LTN sparsely innervates the upper serratus through
small branches and then arborizes more extensively to
innervate the lower serratus. There is no change in nerve
location as a function of body, arm, or shoulder position.
We found remarkable consistency in nerve anatomy in
the 34 (17 bilateral) dissections performed, a finding
confirmed by others.15
We have defined proximal LTN injuries as those
occurring cephalad to the scapular tip. We believe that
there is anatomic justification for doing so. Intact func-
tion of the lower serratus muscular unit is essential for
Fig 3. The relationship of transaxillary, anterolateral muscle sparing, posterolateral incisions, and thoracoscopy
port incisions is shown in A and B, respectively. Extension of transaxillary incisions anteriorly avoids proximal
LTN injury.
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scapular stabilization. Division of the LTN inferior to
the scapular tip, as with a standard posterolateral thora-
cotomy incision, preserves most of the innervation to
the lower serratus anterior muscle unit, which stabilizes
the scapular tip. However, division of the LTN cephal-
ad to the scapular tip denervates the entire lower serra-
tus muscular unit, destabilizing or “winging” the
scapula.
Our data show that the LTN is located the greatest
distance from the scapula at its tip. Then, because the
nerve courses vertically, the nerve gets progressively
closer to the anterior scapular border. The relationship
of nerve and scapula forms a triangular-shaped region
within which the proximal nerve is situated, and there-
fore at risk for injury (Fig 1, shaded area). The size of
this trianglar region varies with arm positioning. With
the arm flexed forward as with a standard posterolater-
al thoracotomy, the scapula moves anteriorly closer to
the nerve, position of which remains unchanged. As the
arm is extended posteriorly as with transaxillary posi-
tioning, the scapula moves further from the nerve,
exposing more of the nerve for potential injury. In the
transaxillary thoracotomy position, the left LTN was
4.9 cm (range, 3.2-7.0 cm) and 4.3 cm (range, 3.0-5.0
cm) from the scapular tip for male and female subjects,
respectively. The right LTN was 5.2 cm (range, 3.7-7.5
cm) and 4.7 cm (range, 3.0-6.0 cm) from the scapular
tip for male and female subjects, respectively. As
expected, for posterolateral thoracotomy positioning,
the nerve was closer to the scapula. The left LTN was
3.1 cm (range, 1.5-6.0 cm) and 3.2 cm (range, 2.0-4.5
cm) from the scapular tip for male and female subjects,
respectively. The right LTN was 4.5 cm (range, 3.5-5.1
cm) and 3.8 cm (range, 2.0-5.5 cm) from the scapular
tip for male and female subjects, respectively. There
were no statistically significant differences in our mea-
surements by gender or side. The difference in
observed distance from the scapular tip to the LTN
between right and left sides may be related to handed-
ness, but this information was not available for this
study.
The relationship of the transaxillary, anterolateral
muscle sparing, posterolateral thoracotomy incisions,
and thoracoscopy port sites to the LTN is shown in Fig
3. Incisions cephalad to the scapular tip should be
extended anteriorly if additional exposure in needed to
avoid LTN nerve injury. Posterolateral incisions divide
the serratus muscle below the scapular tip, which main-
tains sufficient innervation of the lower serratus unit to
maintain scapular stability.
On the basis of our data, we suggest the following
clinical guidelines for incisions anterior and cephalad
to the scapular tip. We have purposely selected the
outer range distances (Tables I and II), as opposed to
mean or 99% CI values, to be as conservative as possi-
ble in our recommendations. For patients in the
transaxillary thoracotomy position, incisions should be
a distance of at least 7.5 cm and 6.0 cm anterior to the
scapular tip for male and female patients, respectively.
For patients in standard posterolateral thoracotomy
positioning, incisions should be at least 6.0 cm and 5.5
cm anterior to the scapular tip for male and female
patients, respectively. The use of these guidelines in
our clinical practice has not resulted in any limitations
to surgical exposure. We believe that the incidence of
iatrogenic proximal LTN injury can be minimized by
using these guidelines to position incisions in the ante-
rior scapular region.
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